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Executive Summary
This senior project examined road cuts and soil adjacent to the road cut, along 
Little Creek road. Contrasting a landslide hillslope complex to a hillslope drainage
complex, the project also compared the organic soil horizon to the mineral soil horizon 
in both soil units. The soils were analyzed using qualitative and quantitative measures of
soil properties. The project utilized a road cut inventory to note the characteristics of the
road cut such as presence of rill erosion, rock outcrop and sloping degree of the road cut. 
The project derived the plasticity index for both organic and mineral horizons, and 
compared the plasticity indices across each soil hierarchal class and soil horizon. The
plasticity index in the project was utilized as a quantitative measure of soil behavior and 
was used in this project as an auxiliary measure of soil strength. The plasticity index was 
then compared to the attributes recorded in the road cut inventory. The results indicate
that differing hierarchal soil classes require different erosion management practices and
even in close proximity soil may behave and erode differently.
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Introduction and Statement of Purpose
This Senior Project is a comparative analysis of road cuts along Little Creek road 
as well as the properties of the soil adjacent to the road cut. The study took place at 
Swanton Pacific Ranch, and specifically within the Little Creek watershed a tributary to
Scotts Creek. A preliminary inventory of road cuts along Little Creek road was 
performed to qualitatively indicate the presence rill erosion, rock outcrop and the overall
nature of the road cut.
Image 1: Google Image of Little Creek Road, Swanton Pacific Ranch Davenport Ca
Image 2: Google Image of Little Creek road and Santa Cruz Ca
The data collected in the road cut inventory was later referenced to soil data
collected from the adjacent downslope position from the road cut. Soil pits at the
adjacent downslope positions allowed collection of soil samples of both organic and 
mineral soil horizons from which the Atterberg limits for both horizons were determined.
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The Atterberg limits of soil are an easily calculated and useful measure of the
properties of fine grained soil. These limits depend upon the water content in the soil
media and reflect the properties of soil as they change from solid, semi-solid, plastic and 
liquid. The water content at which soil changes from a fluid viscous state to plastic is
referred to as the liquid limit, whereas the content of water in the soil where it changes
from the plastic to a semi-solid state is referred to as the plastic limit. The difference
between the liquid limit and plastic limit is the plasticity index, where a soil demonstrates
plastic behavior.
Figure 1: Atterberg consistency limits
The phase changes that occur do so gradually, not at a specific value of wetness
within the soil, making the phase changes difficult to measure. Arthur Casagrande
standardized the technique for deriving the liquid limit by establishing an arbitrary 
method of calculating the liquid limit and doing so in an easily repeatable measurement. 
This was done by placing a portion of moist soil into a standard brass cup, and then 
cutting a groove with a wedge shaped tool 2mm wide. Once grooved, the brass cup is
dropped 25 times onto a hard surface from a height of 1cm. The liquid limit of the soil is
the mass wetness (water content) of the soil when the two sides of the groove return back 
together over a length of 13mm (0.51 inch).	
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Images 3 & 4: Liquid Limit on Casa Grande Device	
The Plastic limit is water content at which the soil crumbles when it is rolled into 
a 3mm diameter thread. The Atterberg limits depend primarily on the water content
within a soil, however organic and inorganic constituents within the soil do influence
these limits as well, especially soil particles of colloidal clay and humus. Silt and clay 
rich soils expand and shrink due to varying moisture contents; therefore the soil
undergoes changes in particle size and thus subsequently changes soil consistence and 
shear strength properties. Soil classification is not determined from the liquid and plastic
limit, however these limits allow for empirical correlations to soil science and 
engineering fields. The liquid limit is especially important in engineering fields since
most soils at the liquid limit have strength at approximately 1g/cm2.	
Soil science professor of Cal Poly San Luis Obispo, Dr. Ronald Taskey has
permitted the use of his research by the reference of the Swanton Soils delineation map
(Taskey, 2007). The project analyzed soil units 205 and 209 (Image 5), which have the
same taxonomic soil series description but differ in landscape hierarchy. Soil unit 205 is a 
landslide hillslope complex whereas unit 209 is a hillslope drainage complex.  Soil pit
locations differ in topography and naturally occurring water within the soil substrate and 
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should differ in the Atterberg limits. Samples collected from both the organic and mineral
horizons, will demonstrate the change in the Atterberg limits, where the soil is dominated 
by humus in the organic horizon and clays in the mineral horizon.
Image 5: Taskey Landscape Hierarchy Delineations Map of Swanton Pacific Ranch
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The Purpose of this senior project was to identify differences in erodabilty of road 
cuts within the little creek watershed with qualitative and quantitative soil data analysis
for better erosion management and watershed stewardship.
Objectives
1. Quantify the morphology of the road cut and evidence of rock outcrop and rill
erosion of the Little Creek road along soil map units 205 and 209.
2. Collect both organic and mineral horizon soil samples from the adjacent road cut
at a downslope soil pit.
3. Use the Casagrande device to determine the liquid limit and then the plastic limit
to derive liquid-plastic threshold (Plasticity Index) for measuring soil strength.
4. Graphically correlate the presence of rill erosion or rock outcrop to the liquid 
plastic threshold determined for each sample.
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Methods and Observations			
The data and material presented in this Senior Project was collected from Little
Creek road in Swanton Pacific Ranch. The road cut inventory was performed on the 26th 
of October 2012. The road cut inventory of Little Creek road consisted of recording 
characteristics of four road cuts for both of the soil units. The inventory recorded 
qualitative measures of the road cut like overall presence of rill erosion, rock outcrop and 
nature of the road cut, which in the inventory was described as either concave, convex or 
shear rock. Other quantitative measures of the road cuts were also recorded in the
inventory, these measures consisted of road cut lengths in feet which were recorded using 
a hundred feet tape as well as sloping degree and sloping angle of the road cut which was
taken using a clinometer. The data for the road cut inventor is accompanied by a
photograph of the road cut in the following section of this document.
The soil samples collected for the Atterberg limits analysis were collected on the
20th of November 2012. The procedures for the soil analysis were taken from the soil
physics lab manual (Taskey 2004), which is provided in the appendix of this document
for a more concise explanation and comprehensive description of laboratory procedures.
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Data Presentation and Findings
Road Cut Inventory: Little Creek Road, Davenport Ca
			 	
		 205:	Location	1	 	 	 	 	 205:	Location	2	 	
Length	of	cut	 22.1	ft	 Length	of	cut	 15.2	ft.	
Sloping	degree	of 52	 Sloping	degree	 32	
Sloping	angle	%	 120	 Sloping	angle	%		 63	
Nature	of	cut	 concave	 Nature	of	cut	 concave	
Rock	outcrop	 none	 Rock	outcrop	 None	
Rilling	 moderate	 Rilling	 Minor	
	 	 	
			 	
	 205:	Location	3	 	 	 	 	 	205:	Location	4	
Length	of	cut	 84.7	ft	 Length	of	cut	 87.3	ft	
Sloping	degree		 46	 Sloping	degree	 30	
Sloping	angle	%	 102	 Sloping	angle	%	 58	
Nature	of	cut	 concave	 Nature	of	cut	 concave	
Rock	outcrop	 none	 Rock	outcrop	 none	
Rilling	 strong	 Rilling	 strong	
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	 209:	Location	1	 	 	 	 	 209:	Location	2	
Length	of	cut	 46.9	ft	 Length	of	cut	 36.3	ft	
Sloping	degree		 47	 Sloping	degree	 31	
Sloping	angle	%	 93	 Sloping	angle	%	 60	
Nature	of	cut	 convex	 Nature	of	cut	 concave	
Rock	outcrop	 strong	 Rock	outcrop	 moderate	
Rilling	 minor	 Rilling	 moderate	
	
			 	
	 209:	Location	3	 	 	 	 	 209:	Location	4	
Length	of	cut	 34.2	ft	 Length	of	cut	 33.1	ft	
Sloping	degree	 39	 Sloping	degree		 53	
Sloping	angle	%	 81	 Sloping	angle	%		 132	
Nature	of	cut	 concave	 Nature	of	cut	 shear	rock	
Rock	outcrop	 moderate	 Rock	outcrop	 strong	
Rilling	 moderate	 Rilling	 none	
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Table	1:	Soil	Horizonation	Depth	
Soil	Unit	205	
Landslide	Hillslope	complex	
Organic	Horizon	 Mineral	Horizon	
205-1	 0-14	cm	 starting	at	14	cm	depth	
205-2	 0-16	cm	 starting	at	16	cm	depth	
205-3	 0-11	cm	 starting	at	11	cm	depth	
205-4	 0-15	cm	 Starting	at	15	cm	depth	
	 	 	
Soil	Unit	209	
Hillslope	Drainage	complex	
Organic	Horizon	 Mineral	Horizon	
209-1	 0-8	cm	 starting	at	8	cm	depth	
209-2	 0-9	cm	 starting	at	9	cm	depth	
209-3	 0-8	cm	 starting	at	8	cm	depth	
209-4	 0-10	cm	 Starting	at	10	cm	depth	
	
Table	2:	Liquid	Limit	Data	of	Landslide	Hillslope	complex	
Sample:	205-1	0rganic			 Trial	1	 Trial	2	 Trial	3	
Mass	of	empty	clean	can	(g)	 22.87	 23.06	 22.68	
Mass	of	can	&	moist	soil	(g)	 27.77	 27.93	 28.76	
Mass	of	can	with	dry	soil	(g)	 26.66	 26.84	 27.46	
Mass	of	soil	solids	(g)	 3.79	 3.78	 4.78	
Mass	of	pore	water	(g)	 1.11	 1.09	 1.30	
Water	content	(W	%)		 29.29%	 28.84%	 27.20%	
Number	of	drops	(N)	 20	 21	 26	
	
Sample:	205-1	Mineral				
	
Trial	1	
	
Trial	2	
	
Trial	3	
Mass	of	empty	clean	can	(g)	 23.03	 23.11	 22.98	
Mass	of	can	&	moist	soil	(g)	 28.07	 28.06	 28.11	
Mass	of	can	with	dry	soil	(g)	 26.96	 27.02	 27.08	
Mass	of	soil	solids	(g)	 3.93	 3.91	 4.10	
Mass	of	pore	water	(g)	 1.11	 1.04	 1.03	
Water	content	(W	%)	 28.24%	 26.60%	 25.12%	
Number	of	drops	(N)	 20	 24	 27	
	
Sample:	205-2	0rganic			
	
Trial	1	
	
Trial	2	
	
Trial	3	
Mass	of	empty	clean	can	(g)	 22.69	 23.02	 23.18	
Mass	of	can	&	moist	soil	(g)	 28.17	 27.99	 27.96	
14	
	
Mass	of	can	with	dry	soil	(g)	 26.86	 26.81	 26.88	
Mass	of	soil	solids	(g)	 4.17	 3.79	 3.70	
Mass	of	pore	water	(g)	 1.31	 1.18	 1.08	
Water	content	(W	%)	 31.40%	 31.11%	 29.20%	
Number	of	drops	(N)	 21	 19	 25	
	
Sample:	205-2	Mineral			
	
Trial	1	
	
Trial	2	
	
Trial	3	
Mass	of	empty	clean	can	(g)	 23.04	 22.91	 23.10	
Mass	of	can	&	moist	soil	(g)	 28.22	 28.17	 28.32	
Mass	of	can	with	dry	soil	(g)	 27.05	 27.09	 27.18	
Mass	of	soil	solids	(g)	 4.01	 4.18	 4.08	
Mass	of	pore	water	(g)	 1.17	 1.08	 1.14	
Water	content	(W	%)	 29.18%	 25.84%	 27.94%	
Number	of	drops	(N)	 23	 29	 26	
	
Sample:	205-3	0rganic			
	
Trial	1	
	
Trial	2	
	
Trial	3	
Mass	of	empty	clean	can	(g)	 23.12	 23.07	 23.05	
Mass	of	can	&	moist	soil	(g)	 28.93	 28.81	 28.22	
Mass	of	can	with	dry	soil	(g)	 27.61	 27.43	 27.06	
Mass	of	soil	solids	(g)	 4.49	 4.36	 4.01	
Mass	of	pore	water	(g)	 1.32	 1.38	 1.16	
Water	content	(W	%)	 29.40%	 31.65%	 28.93%	
Number	of	drops	(N)	 22	 18	 25	
	
Sample:	205-3	Mineral			
	
Trial	1	
	
Trial	2	
	
Trial	3	
Mass	of	empty	clean	can	(g)	 22.67	 23.13	 22.93	
Mass	of	can	&	moist	soil	(g)	 27.96	 28.64	 29.63	
Mass	of	can	with	dry	soil	(g)	 26.91	 27.56	 28.27	
Mass	of	soil	solids	(g)	 3.94	 4.43	 5.34	
Mass	of	pore	water	(g)	 1.05	 1.08	 1.36	
Water	content	(W	%)	 26.65%	 24.40%	 25.47%	
Number	of	drops	(N)	 21	 28	 23	
	
Sample:	205-4	0rganic			
	
Trial	1	
	
Trial	2	
	
Trial	3	
Mass	of	empty	clean	can	(g)	 22.71	 23.06	 23.12	
Mass	of	can	&	moist	soil	(g)	 27.41	 27.94	 28.06	
Mass	of	can	with	dry	soil	(g)	 26.33	 26.81	 26.94	
Mass	of	soil	solids	(g)	 3.62	 3.75	 3.82	
Mass	of	pore	water	(g)	 1.08	 1.13	 1.12	
Water	content	(W	%)	 29.83%	 30.13%	 29.32%	
Number	of	drops	(N)	 22	 20	 25	
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Sample:	205-4	Mineral	 Trial	1	 Trial	2	 Trial	3	
Mass	of	empty	clean	can	(g)	 22.87	 22.98	 23.11	
Mass	of	can	&	moist	soil	(g)	 27.91	 29.11	 28.26	
Mass	of	can	with	dry	soil	(g)	 26.85	 27.91	 27.18	
Mass	of	soil	solids	(g)	 3.98	 4.93	 4.07	
Mass	of	pore	water	(g)	 1.06	 1.20	 1.08	
Water	content	(W	%)	 26.63%	 24.34%	 26.54%	
Number	of	drops	(N)	 21	 27	 22	
	
Table	3:	Liquid	Limit	Data	of	Hillslope	Drainage	complex	
Sample:	209-1	0rganic			 Trial	1	 Trial	2	 Trial	3	
Mass	of	empty	clean	can	(g)	 23.26	 22.76	 22.91	
Mass	of	can	&	moist	soil	(g)	 28.75	 28.33	 28.26	
Mass	of	can	with	dry	soil	(g)	 27.49	 27.12	 27.04	
Mass	of	soil	solids	(g)	 4.23	 4.36	 4.13	
Mass	of	pore	water	(g)	 1.26	 1.21	 1.22	
Water	content	(W	%)	 29.79%	 27.75%	 29.54%	
Number	of	drops	(N)	 20	 26	 22	
	
Sample:	209-1	Mineral		
	
Trial	1	
	
Trial	2	
	
Trial	3	
Mass	of	empty	clean	can	(g)	 22.83	 22.88	 23.13	
Mass	of	can	&	moist	soil	(g)	 28.55	 28.91	 29.03	
Mass	of	can	with	dry	soil	(g)	 27.46	 27.73	 27.81	
Mass	of	soil	solids	(g)	 4.63	 4.85	 4.68	
Mass	of	pore	water	(g)	 1.09	 1.18	 1.22	
Water	content	(W	%)	 23.54%	 24.33%	 26.06%	
Number	of	drops	(N)	 25	 23	 19	
	
Sample:	209-2	0rganic			
	
Trial	1	
	
Trial	2	
	
Trial	3	
Mass	of	empty	clean	can	(g)	 22.78	 23.13	 22.91	
Mass	of	can	&	moist	soil	(g)	 28.58	 28.67	 28.79	
Mass	of	can	with	dry	soil	(g)	 27.22	 27.40	 27.47	
Mass	of	soil	solids	(g)	 4.44	 4.27	 4.56	
Mass	of	pore	water	(g)	 1.36	 1.27	 1.32	
Water	content	(W	%)	 30.63%	 29.74%	 28.95%	
Number	of	drops	(N)	 19	 23	 26	
	
Sample:	209-2	Mineral			
	
Trial	1	
	
Trial	2	
	
Trial	3	
Mass	of	empty	clean	can	(g)	 22.64	 23.22	 23.07	
16	
	
Mass	of	can	&	moist	soil	(g)	 28.71	 29.10	 29.18	
Mass	of	can	with	dry	soil	(g)	 27.55	 27.98	 27.95	
Mass	of	soil	solids	(g)	 4.91	 4.76	 4.88	
Mass	of	pore	water	(g)	 1.16	 1.12	 1.23	
Water	content	(W	%)	 23.63%	 23.53%	 25.02%	
Number	of	drops	(N)	 26	 27	 21	
	
Sample:	209-3	0rganic			
	
Trial	1	
	
Trial	2	
	
Trial	3	
Mass	of	empty	clean	can	(g)	 22.89	 23.14	 23.26	
Mass	of	can	&	moist	soil	(g)	 28.92	 29.16	 28.99	
Mass	of	can	with	dry	soil	(g)	 27.61	 27.80	 27.73	
Mass	of	soil	solids	(g)	 4.72	 4.66	 4.47	
Mass	of	pore	water	(g)	 1.31	 1.36	 1.26	
Water	content	(W	%)	 27.75%	 29.18%	 28.19%	
Number	of	drops	(N)	 26	 20	 22	
	
Sample:	209-3	Mineral			
	
Trial	1	
	
Trial	2	
	
Trial	3	
Mass	of	empty	clean	can	(g)	 23.22	 23.09	 22.95	
Mass	of	can	&	moist	soil	(g)	 28.90	 28.61	 28.74	
Mass	of	can	with	dry	soil	(g)	 27.71	 27.53	 27.60	
Mass	of	soil	solids	(g)	 4.49	 4.44	 4.65	
Mass	of	pore	water	(g)	 1.19	 1.08	 1.14	
Water	content	(W	%)	 26.50%	 24.32%	 24.52%	
Number	of	drops	(N)	 21	 26	 25	
	
Sample:	209-4	0rganic			
	
Trial	1	
	
Trial	2	
	
Trial	3	
Mass	of	empty	clean	can	(g)	 22.71	 23.23	 22.89	
Mass	of	can	&	moist	soil	(g)	 28.58	 28.33	 28.79	
Mass	of	can	with	dry	soil	(g)	 27.37	 27.26	 27.52	
Mass	of	soil	solids	(g)	 4.66	 4.03	 4.63	
Mass	of	pore	water	(g)	 1.21	 1.07	 1.27	
Water	content	(W	%)	 25.97%	 26.55%	 27.43%	
Number	of	drops	(N)	 27	 26	 23	
	
Sample:	209-4	Mineral	
	
Trial	1	
	
Trial	2	
	
Trial	3	
Mass	of	empty	clean	can	(g)	 23.16	 23.27	 23.31	
Mass	of	can	&	moist	soil	(g)	 28.87	 29.24	 28.41	
Mass	of	can	with	dry	soil	(g)	 27.72	 28.07	 27.35	
Mass	of	soil	solids	(g)	 4.56	 4.80	 4.04	
Mass	of	pore	water	(g)	 1.15	 1.17	 1.06	
Water	content	(W	%)	 25.22%	 24.38%	 26.24%	
17	
	
Number	of	drops	(N)	 25	 27	 22	
	
Table	4:	Plastic	Limit	Data	of	Landslide	Hillslope	complex	
Sample:	205-1	0rganic			 Trial	1	 Trial	2	 Trial	3	
Mass	of	empty	clean	can	(g)	 22.83	 23.10	 22.86	
Mass	of	can	&	moist	soil	(g)	 28.48	 28.92	 29.90	
Mass	of	can	with	dry	soil	(g)	 27.72	 28.11	 28.98	
Mass	of	soil	solids	(g)	 4.89	 5.01	 6.12	
Mass	of	pore	water	(g)	 0.76	 0.81	 0.92	
Water	content	(W%)	 15.54%	 16.17%	 15.03%	
Average	water	content	
=	15.58%	
	 	 	
	
Sample:	205-1	Mineral				
	
Trial	1	
	
Trial	2	
	
Trial	3	
Mass	of	empty	clean	can	(g)	 22.93	 23.26	 23.09	
Mass	of	can	&	moist	soil	(g)	 27.82	 27.62	 28.35	
Mass	of	can	with	dry	soil	(g)	 27.21	 27.08	 27.67	
Mass	of	soil	solids	(g)	 4.28	 3.82	 4.58	
Mass	of	pore	water	(g)	 0.61	 0.54	 0.68	
Water	content	(W%)	 14.25%	 14.14%	 14.85%	
Average	water	content	
=	14.41%	
	 	 	
	
Sample:	205-2	0rganic			
	
Trial	1	
	
Trial	2	
	
Trial	3	
Mass	of	empty	clean	can	(g)	 22.77	 23.13	 22.88	
Mass	of	can	&	moist	soil	(g)	 28.98	 29.87	 28.80	
Mass	of	can	with	dry	soil	(g)	 28.12	 28.93	 27.99	
Mass	of	soil	solids	(g)	 5.35	 5.80	 5.11	
Mass	of	pore	water	(g)	 0.86	 0.94	 0.81	
Water	content	(W%)	 16.07%	 16.21%	 15.86%	
Average	water	content	
=	16.05%	
	 	 	
	
Sample:	205-2	Mineral			
	
Trial	1	
	
Trial	2	
	
Trial	3	
Mass	of	empty	clean	can	(g)	 23.96	 22.84	 23.24	
Mass	of	can	&	moist	soil	(g)	 30.57	 27.94	 28.75	
Mass	of	can	with	dry	soil	(g)	 29.73	 27.28	 28.03	
Mass	of	soil	solids	(g)	 5.77	 4.44	 4.79	
Mass	of	pore	water	(g)	 0.84	 0.66	 0.72	
Water	content	(W%)	 14.56%	 14.87%	 15.03%	
Average	water	content	 	 	 	
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=	14.82%	
	
Sample:	205-3	0rganic			
	
Trial	1	
	
Trial	2	
	
Trial	3	
Mass	of	empty	clean	can	(g)	 23.16	 22.89	 22.94	
Mass	of	can	&	moist	soil	(g)	 29.91	 28.89	 27.55	
Mass	of	can	with	dry	soil	(g)	 29.00	 28.06	 26.91	
Mass	of	soil	solids	(g)	 5.84	 5.17	 3.97	
Mass	of	pore	water	(g)	 0.91	 0.83	 0.64	
Water	content	(W%)	 15.58%	 16.05%	 16.12%	
Average	water	content	
=	15.92%	
	 	 	
	
Sample:	205-3	Mineral				
	
Trial	1	
	
Trial	2	
	
Trial	3	
Mass	of	empty	clean	can	(g)	 23.44	 22.55	 22.63	
Mass	of	can	&	moist	soil	(g)	 29.94	 27.31	 27.86	
Mass	of	can	with	dry	soil	(g)	 29.06	 26.69	 27.21	
Mass	of	soil	solids	(g)	 5.92	 4.14	 4.58	
Mass	of	pore	water	(g)	 0.88	 0.62	 0.65	
Water	content	(W%)	 14.86%	 14.97%	 14.19%	
Average	water	content	
=	14.67%	
	 	 	
	
Sample:	205-4	0rganic			
	
Trial	1	
	
Trial	2	
	
Trial	3	
Mass	of	empty	clean	can	(g)	 23.27	 23.04	 22.69	
Mass	of	can	&	moist	soil	(g)	 30.83	 28.99	 28.53	
Mass	of	can	with	dry	soil	(g)	 29.79	 28.16	 27.79	
Mass	of	soil	solids	(g)	 6.52	 5.12	 4.83	
Mass	of	pore	water	(g)	 1.04	 0.83	 0.74	
Water	content	(W%)	 15.96%	 16.21%	 15.32%	
Average	water	content	
=	15.83%	
	 	 	
	
Sample:	205-4	Mineral			
	
Trial	1	
	
Trial	2	
	
Trial	3	
Mass	of	empty	clean	can	(g)	 22.84	 23.16	 23.29	
Mass	of	can	&	moist	soil	(g)	 28.86	 28.20	 29.24	
Mass	of	can	with	dry	soil	(g)	 28.08	 27.54	 28.50	
Mass	of	soil	solids	(g)	 5.24	 4.38	 5.21	
Mass	of	pore	water	(g)	 0.78	 0.66	 0.74	
Water	content	(W%)	 14.89%	 15.07%	 14.20%	
Average	water	content	
=	14.72%	
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Table	5:	Plastic	Limit	Data	of	Hillslope	Drainage	complex	
Sample:	209-1	0rganic			 Trial	1	 Trial	2	 Trial	3	
Mass	of	empty	clean	can	(g)	 22.76	 23.12	 23.33	
Mass	of	can	&	moist	soil	(g)	 28.27	 26.76	 28.05	
Mass	of	can	with	dry	soil	(g)	 27.54	 26.28	 27.41	
Mass	of	soil	solids	(g)	 4.78	 3.16	 4.08	
Mass	of	pore	water	(g)	 0.73	 0.48	 0.64	
Water	content	(W%)	 15.27%	 15.19%	 15.69%	
Average	water	content	
=	15.38%	
	 	 	
	
Sample:	209-1	Mineral				
	
Trial	1	
	
Trial	2	
	
Trial	3	
Mass	of	empty	clean	can	(g)	 23.08	 23.11	 22.86	
Mass	of	can	&	moist	soil	(g)	 29.95	 28.87	 29.37	
Mass	of	can	with	dry	soil	(g)	 29.06	 28.13	 28.51	
Mass	of	soil	solids	(g)	 5.98	 5.02	 5.65	
Mass	of	pore	water	(g)	 0.89	 0.74	 0.86	
Water	content	(W%)	 14.88%	 14.74%	 15.22%	
Average	water	content	
=	14.94%	
	 	 	
	
Sample:	209-2	0rganic			
	
Trial	1	
	
Trial	2	
	
Trial	3	
Mass	of	empty	clean	can	(g)	 23.38	 22.84	 23.17	
Mass	of	can	&	moist	soil	(g)	 29.81	 28.68	 28.82	
Mass	of	can	with	dry	soil	(g)	 28.92	 27.89	 28.05	
Mass	of	soil	solids	(g)	 5.54	 5.05	 4.88	
Mass	of	pore	water	(g)	 0.89	 0.79	 0.77	
Water	content	(W%)	 16.06%	 15.64%	 15.78%	
Average	water	content	
=	15.83%	
	 	 	
	
Sample:	209-2	Mineral			
	
Trial	1	
	
Trial	2	
	
Trial	3	
Mass	of	empty	clean	can	(g)	 22.65	 22.88	 22.93	
Mass	of	can	&	moist	soil	(g)	 27.02	 30.42	 29.34	
Mass	of	can	with	dry	soil	(g)	 26.48	 29.46	 28.51	
Mass	of	soil	solids	(g)	 3.83	 6.58	 5.58	
Mass	of	pore	water	(g)	 0.54	 0.96	 0.83	
Water	content	(W%)	 14.10%	 14.59%	 14.87%	
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Average	water	content	
=	14.52%	
	 	 	
	
Sample:	209-3	0rganic			
	
Trial	1	
	
Trial	2	
	
Trial	3	
Mass	of	empty	clean	can	(g)	 22.93	 22.82	 23.14	
Mass	of	can	&	moist	soil	(g)	 28.98	 27.92	 27.81	
Mass	of	can	with	dry	soil	(g)	 28.17	 27.24	 27.17	
Mass	of	soil	solids	(g)	 5.24	 4.42	 4.03	
Mass	of	pore	water	(g)	 0.81	 0.68	 0.64	
Water	content	(W%)	 15.46%	 15.38%	 15.88%	
Average	water	content	
=	15.57%	
	 	 	
	
Sample:	209-3	Mineral				
	
Trial	1	
	
Trial	2	
	
Trial	3	
Mass	of	empty	clean	can	(g)	 23.38	 22.96	 22.87	
Mass	of	can	&	moist	soil	(g)	 28.02	 28.18	 27.58	
Mass	of	can	with	dry	soil	(g)	 27.43	 27.52	 26.97	
Mass	of	soil	solids	(g)	 4.05	 4.56	 4.10	
Mass	of	pore	water	(g)	 0.59	 0.66	 0.61	
Water	content	(W%)	 14.57%	 14.47%	 14.88%	
Average	water	content	
=	14.64%	
	 	 	
	
Sample:	209-4	0rganic			
	
Trial	1	
	
Trial	2	
	
Trial	3	
Mass	of	empty	clean	can	(g)	 23.01	 22.95	 22.84	
Mass	of	can	&	moist	soil	(g)	 28.93	 26.86	 28.04	
Mass	of	can	with	dry	soil	(g)	 28.13	 26.34	 27.33	
Mass	of	soil	solids	(g)	 5.12	 3.39	 4.49	
Mass	of	pore	water	(g)	 0.80	 0.52	 0.71	
Water	content	(W%)	 15.63%	 15.34%	 15.81%	
Average	water	content	
=	15.59%	
	 	 	
	
Sample:	209-4	Mineral			
	
Trial	1	
	
Trial	2	
	
Trial	3	
Mass	of	empty	clean	can	(g)	 22.74	 22.91	 23.06	
Mass	of	can	&	moist	soil	(g)	 30.14	 29.09	 27.39	
Mass	of	can	with	dry	soil	(g)	 29.18	 28.32	 26.84	
Mass	of	soil	solids	(g)	 6.44	 5.41	 3.78	
Mass	of	pore	water	(g)	 0.96	 0.77	 0.55	
Water	content	(W%)	 14.91%	 14.23%	 14.55%	
Average	water	content	
=	14.56%	
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Figure	2:	Soil	Sample	205-1	Liquid	Limit	graph		
Figure	3:	Soil	Sample	205-2	Liquid	Limit	graph	
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Figure	4:	Soil	Sample	205-3	Liquid	Limit	graph	
	
Figure	5:	Soil	Sample	205-4	Liquid	Limit	graph	
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Figure	6:	Soil	Sample	209-1	Liquid	Limit	graph	
	
Figure	7:	Soil	Sample	209-2	Liquid	Limit	graph	
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Figure	8:	Soil	Sample	209-3	Liquid	Limit	graph	
	
Figure	9:	Soil	Sample	209-4	Liquid	Limit	graph	
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Table	6:	Plasticity	Index	data	of	Landslide	Hillslope	complex	
	
Sample	205-1	
	
Liquid	Limit	Organic:		28	
	
Plastic	Limit	Organic:	16	
	
Plasticity	Index:		12	
	 Liquid	Limit	Mineral:		26	 Plastic	Limit	Mineral:	14	 Plasticity	Index:		12	
	
Sample	205-2	
	
Liquid	Limit	Organic:		29	
	
Plastic	Limit	Organic:	16	
	
Plasticity	Index:		13	
	 Liquid	Limit	Mineral:		28	 Plastic	Limit	Mineral:	15	 Plasticity	Index:		13	
	
Sample	205-3	
	
Liquid	Limit	Organic:		29	
	
Plastic	Limit	Organic:	16	
	
Plasticity	Index:		13	
	 Liquid	Limit	Mineral:		25	 Plastic	Limit	Mineral:	15	 Plasticity	Index:		10	
	
Sample	205-4	
	
Liquid	Limit	Organic:	29		
	
Plastic	Limit	Organic:	16	
	
Plasticity	Index:		13	
	 Liquid	Limit	Mineral:	25	 Plastic	Limit	Mineral:	15	 Plasticity	Index:		10	
	
	
	
Table	7:	Plasticity	Index	data	of	Hillslope	Drainage	complex	
	
Sample	209-1	
	
Liquid	Limit	Organic:	28		
	
Plastic	Limit	Organic:	15	
	
Plasticity	Index:13			
	 Liquid	Limit	Mineral:	24	 Plastic	Limit	Mineral:	15	 Plasticity	Index:	9		
	
Sample	209-2	
	
Liquid	Limit	Organic:	29	
	
Plastic	Limit	Organic:	16	
	
Plasticity	Index:13			
	 Liquid	Limit	Mineral:	24	 Plastic	Limit	Mineral:	15	 Plasticity	Index:	9			
	
Sample	209-3	
	
Liquid	Limit	Organic:28			
	
Plastic	Limit	Organic:16	
	
Plasticity	Index:12			
	 Liquid	Limit	Mineral:25		 Plastic	Limit	Mineral:15		 Plasticity	Index:10		
	
Sample	20-4	
	
Liquid	Limit	Organic:27			
	
Plastic	Limit	Organic:16		
	
Plasticity	Index:11			
	 Liquid	Limit	Mineral:25		 Plastic	Limit	Mineral:	15	 Plasticity	Index:10		
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Analysis and Results
Figure 10: Plasticity Index Vs. Rill Erosion: Organic Soil Horizons
Figure 11: Plasticity Index Vs. Rill Erosion: Mineral Soil Horizons
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Rill erosion was greater for the landslide hillslope complex (soil unit 205), where
the majority of samples had either strong or moderate indications of erosion, as compared 
to the hillslope drainage complex (soil unit 209) which appeared to have less rill erosion. 
Since the measure of erosion was characterized by site and not by horizon, both organic
and mineral horizons for each sample were assigned the same qualitative measure of
erosion. The same measures where then compared to the Plasticity Indices for both the
organic and mineral horizons of each sampling site (Figure 10 and 11). A noticeable
trend for the organic samples was that as the Plasticity index increases, the presence of
rill erosion seems more evident; however this was not the case for the mineral samples.  
In the mineral samples analyzed, the presence of rill erosion was also more dominant in 
the landslide complex than the hillsope complex, but was not as profound as observed in
organic samples. The Mineral samples also demonstrated a different range of plastic
behavior between the landslide and hillslope soils, whereas the hillslope samples had a
lower plasticity range and subsequent presence of erosion, in comparison to the landslide
complex which demonstrated higher erosion characteristics and a higher plasticity range.
This seems to be a result from the landslide hillslope complex having similar plasticity 
characteristics for both the organic and mineral soil horizons, whereas the hillsope
drainage complex had greater separation of liquid-plastic behavior between the organic
and mineral horizons.
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Figure 12: Plasticity Index Vs. Rock Outcrop: Organic Soil Horizon
Figure 13: Plasticity Index Vs. Rock Outcrop: Mineral Soil Horizon
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The qualitative measure of rock outcrop was determined by site and not by 
horizon, therefore both organic and mineral horizons for each soil unit were assigned the
same qualitative measure indicating the presence of rock outcrop. The hillslope drainage
complex (soil unit 209) was found to have moderate and strong indications of rock 
outcrop; however the landslide hillslope complex (soil unit 205) had no indications of
rock outcrop for the surveyed locations. The lack of rock outcrop in the landslide
hillslope complex was consistent with the nature of the soil hierarchy, where up slope soil
had detached and transported downslope, potentially burying rock outcrops.
Figure 14: Plasticity Index Vs. Cut Slope Degree: Organic Soil Horizon
            
  
  
  
   
     
   
   
    
  
30	
	
Cu
t	S
lo
pe
	D
eg
re
e	
Plas0city	Index	Vs.	Cut	Slope	Degree:	Mineral	
Horizons		55	
50	
45	
40	
	Soil	Unit	205	
35	
	Soil	Unit	209	
30	
25	
8	 9	 10	 11	 12	 13	 14	
Plas0city	Index	
Figure 15: Plasticity Index Vs. Cut Slope Degree: Mineral Soil Horizon
The slope of the road cut in degrees was determined by site and not by horizon, 
both organic and mineral horizons for each soil unit were assigned the same slope
measure,  and were later compared based on the plasticity index for each organic and 
mineral horizon. The hillslope drainage complex (soil unit 209) appeared to have an 
apparent relation between plasticity index and cut slope degree. For soil unit 209 in the
organic horizons, the cut slope degree decreased where the plasticity index increased; 
contrary to this, the mineral horizon demonstrated a positively sloping relationship
between road cut slope degree, where road cut slope degree increased as the plasticity 
index increased. For the landslide hillslope complex (soil unit 205) the relation of road 
cut slope and plasticity index in the organic and mineral horizons does not demonstrate
any observable linear relationship. This may be in part due to the morphology of the road 
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cut and properties of soil along this portion of the road, where variability within the soil
may be attributed to the discontinuity of soil morphology and the down slope
transportation and subsequent  placement of the soil along of landslide hillslope complex.
Figure 16: Cut Slope Degree Vs. Presence of Rill Erosion
Soil Unit 205 the landslide hillslope complex demonstrates an increasing trend
between road cut slope degree and presence of rill erosion; where road cut slope degree
increases, the presence of erosion also increases. Soil Unit 209 the hillslope drainage
complex demonstrates a negative sloping trend between road cut slope degree and 
presence of rill erosion. This negative trend between cut slope degree and erosion was
significantly stronger in the hill slope drainage complex where the data appears almost
linear compared to the unsystematic appearance of the landslide soil data. This was
typical of the majority of data collected throughout the project for the landslide hillslope
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complex, where most data appears to be consistently unassociated to the other data of the
soil horizons.
Conclusion
The senior project analyzed road cuts and the adjacent soil to the road cut along a
landslide complex and a hillslope drainage complex for the purpose of comparing the
properties of soil in a qualitative and quantitative manner. The project aimed to 
investigate whether each soil hierarchal class needed to be managed in a specific manner 
to prevent sedimentation of the Little Creek watershed, since the Little Creek road was
built on many different landscape components. The quantitative measure of soil used 
throughout this project was the plasticity index, which is an auxiliary measure of soil
strength and is derived from the liquid-plastic threshold in the soil. The plasticity index 
was later graphically analyzed and referenced to the presence of rill erosion as well as
rock outcrop and road cut slope degree at each of the road cuts analyzed. 
The data indicated many consistencies of the various comparisons for the hill
slope drainage complex and illustrated the relationship between plasticity index and rill
erosion, plasticity index and road cut slope degree as well as the relation of road cut slope
degree and presence of rill erosion. On the contrary, the landslide complex failed to 
illustrate many of the relationships between the plasticity index and the other measures
describing the morphology of the road cut compared to the hillslope drainage complex.
The majority of the data for the landslide complex appears to be unrelated to the other 
data in the same horizon, most significantly in the organic horizon. The landslide
complex did indicate a strong correlation of the plasticity index data with presence of
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erosion for the mineral horizon, where the data appeared to follow an almost linear 
relation and sloped in a negative direction. 
The lack of consistency for many of the comparisons along the landslide complex 
indicates the discontinuities present in the organic horizon of the landslide soil. At depth 
in the mineral horizon, the landslide complex soil appears more uniform in physical
characteristics, and possibly demonstrates the elements of a more resilient soil than the
landslide deposited surface soil. The data recorded and derived throughout the project
indicates that each landscape hierarchy behaves differently and has different values for 
the liquid-plastic threshold. The hillslope complex soil was more stable than the surface
landslide complex soil, so a need for site specific erosion practices along all of the
differing topographical regions along Little Creek road is needed to ensure a healthy 
watershed and promote equitable ecosystem function in the little creek watershed.
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from	Taskey,	R.D.	2004.	Soil	physics	laboratory	manual.	Poor	Richard’s	
Press.	
LABORATORY EXERCISE #3
ATTERBERG LIMITS
OBJECTIVE:
Determine liquid and plastic limits, plasticity index, and activity ratio of your fine
textured soil; classify the soil in AASHTO and Unified systems. MATERIALS AND
EQUIPMENT:
1. Mortar and pestle, preferably rubber tipped
2. Sieve, U.S. standard No. 40
3. Liquid limit device and grooving tool
4. Sample cans with lids, approx. 2 in. dia.
5. Spatula
6. Mixing container
7. Reference rod, 1/8 in. dia.
8. Rolling surface, etched glass works well
9. Balance, sensitive to 0.01 g
10. Drying oven, set at 105 degrees Celsius.
PROCEDURES:
Liquid Limit Test:
The liquid limit test is conducted on material that passes the No. 40 sieve (< 0.425 mm).
In most cases, except as noted below, this material should not be dried, but should be
maintained at its natural water content or wetter; more importantly, the sample should not be
oven-dried. Drying and heating can cause physico–chemical changes that may
decrease the liquid limit in some soils.
1. Sieve enough soil through a No. 40 sieve to yield about 500 g of soil
finer than 0.42 mm.
2. Place the soil in a large evaporating dish and add a few milliliters of
water; mix, chop, and knead the soil with a spatula while gradually adding more
water to make a stiff, uniform paste.
3. Record all pertinent information on the data sheet.
4. Check and adjust the liquid limit device; screws tight, no excessive
play in cup hinge, etc. The fall of the cup should be 1 cm. Check this with the gauge
on the handle of the grooving tool.
5. Place enough soil "paste" in the brass cup to fill the front three-fourths of the cup to
a depth of 1 cm. Work the soil with a spatula to remove any air bubbles and attain a
uniform consistency. Smooth the surface. The soil depth should be equal to the
height of the grooving tool.
6. Cut a groove from back to front in the sample with one smooth pass of the grooving
tool. If it looks sloppy, remix the sample and try again. Be sure that the tool is clean
before each pass.
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7. Turn the crank at about two revolutions per second, counting the blows until the
two halves of the sample come together over a distance of about 15 mm.  Record the number of
blows, which should be about 35. (Note: turn the crank at a constant rate; do not hesitate while
the groove is closing.)
8. Remove five to ten grams of soil from the cup, place it in a weighing can, place the
lid on the can, and record the can number and sample designation. Weigh the can,
lid, and soil to the nearest centigram and record the weight.
9. Remove the lid and place it on the bottom of the can. Place the can of soil in the
drying oven at 105 degrees Celsius for 24 hours.
10. Rework the soil and repeat steps 6 through 9, either allowing the soil to dry or
moistening it as you proceed, until you have six moisture samples covering a range of about 15 
to 35 blows. Add more soil to the cup as needed. Each trial should
differ from the previous one by three to four blows.
11. Add water to the sample, and replicate the procedure. Save the remaining soil for
the plastic limit test.
12. After 24 hours of drying, remove the samples from the oven and immediately place
the lid on the cans. Weigh each can, lid, and dry soil to the nearest centigram, and
record the weight.
13. Calculate the mass wetness of each sample, and plot number of blows vs. mass
wetness on semilogarithmic paper. Place mass wetness on the arithmetric scale and
number of blows on the logarithmic scale. Draw the straight line that best fits the
points. The liquid limit is the mass wetness at 25 blows as read from the graph.
Plastic Limit Test:
The plastic limit is performed on the sample left over from the liquid limit test.
1. Form about five to ten grams of the moist soil into a cigar-shaped mass, then roll it
out on a smooth surface to make a thread 3 mm diameter. Use a brass rod to gauge
proper thread thickness. The rate of rolling should be about 80 to 90 strokes
(forward and backward motions) per minute.
2. Pick up the thread, and repeat step 1 until the 3 mm diameter thread breaks into
pieces less than 15 mm long while it is being rolled. Do not change the rate of
rolling as thread diameter approaches 3 mm.
3. Quickly collect the pieces of soil thread, place them in a weighing can, and cover
the can. Work quickly; any hesitation at this point will allow the soil to dry, and
introduce error. Weigh the can, lid and soil; record all the proper information.
Remove the lid and place it on the bottom of the can; then place the can with soil in
the drying oven at 105 degrees Celsius for 24 hours. After drying, remove the sample from the
oven and weigh the can, lid and soil. Weigh the empty can and lid. Calculate the mass wetness of
the soil.
4. Repeat steps 1 through 3 on five more samples of the same soil. Plastic limit values
for the six replicates should agree within one percent.
CALCULATIONS:
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Mass wetness is the proportion of water to soil solids on the mass basis:
Note that mass of solids is the same as mass of oven–dry soil.
 A-4	
	
